Evaluation functions for minimizing the disparity between energy supply and demand and reducing the fi eld area for biomass production, which are based on energy benefi ts, were proposed in a system design for biofuel production. An Exergy Profi t Ratio (ExPR) and an extended the Energy Profi t Ratio (EPR) were also proposed to measure the quality and availability of energy for the biofuel plant in Utsunomiya City in Tochigi Prefecture, Japan. In the calculation of minimum of bio-ethanol & electricity production were underestimated for a minimum fi eld area, then ExPR and E system E EX could be used to maintain the results of introducing biofuel production to prevent fi eld area shortages for biofuel production.
Introduction
Due to a signifi cant increase in the cost of fossil fuels, biofuel has begun to gain acceptance as a viable resource of alternative energy. Fossil fuel is valuable because it can produce signifi cant amounts of energy per unit weight, it is abundant, and it is easy to transport, extract and process as a liquid. However, some uncertainty exists regarding its availability, effect on the environment, cost in the world market and the shortage of existing supplies (United Nation 2012). The substitution of fossil fuel with biofuel aims to reduce environmental impacts and the cost of imported fossil fuels, such as coal, petroleum and natural gas (Shen et al. 2011, Sawangphol and Pharino 2011) . Biofuel is considered a feasible approach for reducing fossil fuel consumption and CO 2 emissions. Moreover, the promotion of biofuel can add high value to biomass.
There exists concern that the expansion of biofuel crop production will threaten food security around the world by affecting food supply and cost (International Union of Food Science and Technology (IUFoST) 2010). For example, bio-ethanol production in the USA requires vast amounts of edible maize (Farrell et al. 2006) . Mitchell (2008) reported that more than 70% of increases in food costs were attributable to biofuel demand. According to Tollens (2009) , the increasing cost of maize in the US from 2007-2008 was highly related to biofuel production. The impact on food security will depend upon the biofuel crop grown. Therefore, a new evaluation method is required to minimize the disparity between energy supply and energy demand and reduce fi eld biomass production.
Field area of biomass production, variety of biomass and conversion effi ciency of biofuel plants were used in the evaluation of total energy effi ciency for biofuel production (Noguchi and Misumi 2007) . The evaluation method of total energy efficiency for biofuel production can be utilized in fi eld production and lead to a more effective production of biofuel energy. Furthermore, the Energy Profi t Ratio (EPR), which is a ratio of output energy to input energy in biofuel production, is a very popular and standard method of evaluation for decision making (Nomura Research Institute Ltd. 2007 , Pimentel and Patzek 2005 , Silalertruksa and Gheewala 2009 . Energy consumers who are interested in biofuel production seek fi nal benefi ts such as heating, lighting, and mileage (Hamamatsu 2010, Central Research Institute of Electric Power Industry 2011).
From the viewpoint of quality of life, environmental protection, and sustainable development, "backcasting" should be utilized to identify policies and programs that connect the future with the present for defi ning a desirable future (Oliver and Brooks 2005) . Forecasting is an estimation of future impact. To achieve established objectives, both should be followed by an explicit manifestation of future target goals and an evaluation of required policies. Backcasting involves setting policy goals and determining how those goals can be achieved. In addition, the measurement of precise physical quantities of energy for biofuel production is indispensable for determining the total amount of social benefi t (Noguchi and Koyama 2010) .
Evaluation functions, which are based on energy benefi ts, were developed in this research to minimize the disparity between energy supply and demand and to reduce the fi eld area of biomass production in biofuel production. An Exergy Profi t Ratio (ExPR) which is extended EPR was also proposed to measure the quality and availability of energy. To validate the system design model, Utsunomiya City in the Tochigi Prefecture of Japan was selected as an example and studied to assess the credibility of the evaluation functions.
Methodology

System design for evaluation functions
In a conventional system design for biofuel production, fi nal benefi t is considered after calculating fi eld area, type of biomass, type of biofuel plant and type of biofuel, which are systematically based on single energy and single benefi t (Fig. 1 ).
In this research, the fi nal benefi t of specifi c area is considered at the beginning of system design for biofuel production via the backcasting method. Type of biofuel, type of biofuel plant, type of biomass and fi eld area were systematically based on multiple types of energy. Subsequently, societal acceptance was also considered for introducing biofuel production, as shown in Fig. 1. If a shortage of energy results from achieving fi nal benefi ts, biofuel production should be modifi ed to increase the amount of energy. Conversely, if there is a surplus in fi eld area during biomass production, surplus energy production should be reduced. Therefore, the purpose of proposing an evaluation function is to ensure adequate proportions of energy supply and demand with regards to the fi nal benefi t.
To obtain a greater evaluation when the difference between energy supply and demand is near zero, the evaluation function by 
Generally, the fi eld area of biomass production for converting biofuel is limited. Minimizing the fi eld area of biomass production could satisfy the energy demand for fi nal benefi t. This objective function needs to incorporate the most appropriate strategies for reducing environmental impact and maintaining agricultural production.
Therefore, the most effi cient system design of biofuel production can be achieved by minimizing fi eld area, which can be obtained by differentiating Eq.
(3) as follows:
System design based on fi nal benefi t E system E for biofuel production was examined using direct energy fl ow, which can be easily evaluated with clear numerical values. As illustrated by Fig. 2 , a biofuel plant not only can produce biofuel but can also produce electricity. The fi nal benefi t could be achieved through mileage and heating. In this case, biofuel can be used for gasoline vehicles or direct combustion boilers. Electricity is used for electric vehicles or heat pumps.
Biofuel & electricity are also used to satisfy the energy demand of biomass production in fi eld and biofuel plants. Biofuel is used as an alternative to gasoline in automobiles. Because electricity and gasoline are primarily used for energy in the civilian sector, including households, the household is considered the smallest unit in this research.
A number of variables of biofuel production comprises the annual cycle of biomass production. 
Therefore, E system E was expressed using a variety of energy conversion equipment i, number of energy conversion equipment n i , effi ciency of energy conversion equipment η i , type of energy produced in the plant k, conversion factor of heat e k and amount k of fi nal benefi t per unit for type of energy j F j F F as follows: 
Therefore, based on energy conversion of all types of energy,
E system E can be expressed as follows:
Exergy evaluation
The conventional EPR is calculated using thermal unit [J] for energy production and energy consumption as follows:
The thermal unit [J] in EPR is not satisfi ed from an evaluation standpoint of available energy because its unit is not expressed for quality of available energy. Thus, E system E EX, which is E system E based on exergy instead of energy, was proposed by considering exergy theory (Nobusawa 1980 , Oshida 1986 
Results and Discussion
Energy profi t ratio and exergy profi t ratio
Direct energy for agricultural production, collection and transportation, biofuel plant, and fi nal benefi t was calculated in this research ( Table 2 ). In agricultural production, collection and transportation, fuel and electricity were used. In biofuel plant, the bio-ethanol and electricity production doesn't use energy supply from outside, and produces not only bio-ethanol but also electricity, vapor, and heat. On the other hand, the specialized bio-ethanol production uses energy supply of electricity and vapor from outside. Accordingly, total amount of bio-ethanol is increased, but a vapor is not able to be utilized in outside of the biofuel plant. Because all vapor is used in the biofuel plant. Furthermore, total amount of heat also is also decreased.
Two types of biofuel production were evaluated from the standpoint of EPR and ExPR, as shown in Table 2 EPR and ExPR for the specialized bio-ethanol production were 1.31 and 1.86, respectively. The energy and exergy analysis revealed that the bio-ethanol & electricity production had a higher advantage than the specialized bio-ethanol production, if produced electricity could be used for fi nal benefi t, with the exception of mileage. Both values of EPR and ExPR of bio-ethanol & electricity production were higher than EPR and ExPR of the specialized bio-ethanol production because produced energy, except for bio-ethanol, was used for making bio-ethanol in the specialized bio-ethanol production. EPR was higher than ExPR in the bio-ethanol & electricity production. However, in contrast, ExPR was higher than EPR in the specialized bio-ethanol production. Because high-effi ciency exergy, such as electricity, was used as input energy in the specialized bio-ethanol production, biofuel as a high-effi ciency exergy was also produced.
The method of converting low-effi ciency exergy, such as vapor, from other type of energy to usable energy was crucial for improving EPR and ExPR in biofuel production. Evaluation by EPR and ExPR can be used to ascertain improvement points (2002) which are not clearly identifi ed through only a conventional evaluation of EPR.
Minimizing fi eld area of biomass production using the evaluation function EX was less than the total value of E system E because the value of exergy was calculated by multiplying effi ciency of exergy with energy.
As shown in Figs. 5 and 6, 100% heat demand was estimated to satisfy the heat pump in this simulation, based on factors such as mileage: 100% biofuel; lighting: 100% electricity; and heating: 100% electricity. As a result, 28,193 ha were required to satisfy the biofuel demand, and 53,000 ha were required to satisfy the electricity demand. When the fi eld area of biomass production was 17,000 ha, the minimum value of the evaluation function by energy E system E was 2.172 PJ 2 , as depicted in Fig. 5 .
The fi eld area was 11,193 ha less compared with the 28,193 ha that satisfi ed the biofuel demand. When the fi eld area of biomass production was 29,000 ha, as shown in Fig. 6 , the minimum value of the evaluation function by energy E system E EX was 0.560 PJ 2 . The fi eld area was 807 ha greater compared with the 28,193 ha that satisfi ed the biofuel demand.
When vapor produced in the plant was used effectively, a 0.315 PJ 2 (from 2.172 PJ 2 to 1.857 PJ 2 ) reduction in E system E and a 0.271 PJ 2 (from 0.560 PJ 2 to 0.289 PJ 2 ) reduction in E system E EX were achieved in the case of total heat gained by the heat pump. for promoting the highest yield production in similar cultivation areas, and the introduction of an energy import system from outside of Utsunomiya City should be considered. If fuel production areas were strongly promoted, they might cause a deficit of food in Utsunomiya City. The production of biomass energy crops for the purpose of fuel production may deplete land areas that are designated for agricultural production.
Potential areas for biofuel production and food production should be evaluated to avoid a food shortage in Utsunomiya City. In this simulation, a reduction in fi nal benefi t is needed to introduce biofuel production in Utsunomiya City. A more stable and effi cient system design of biofuel production can be achieved by employing the proposed evaluation function and conventional fl ow diagram of system design.
Conclusions
1) The evaluation function by energy E system E of the energy concept and E system E EX of the exergy concept were proposed for biofuel production to analyze the consistency between energy production and energy consumption, to achieve fi nal benefi ts, and to analyze available energy. The Exergy Profi t Ratio (ExPR) was also proposed instead of the Energy Profi t Ratio (EPR) from an exergy analysis standpoint. 
